Abstract: The aim of this meta-analysis was to compare the outcomes of Ligasure hemorrhoidectomy and stapled hemorrhoidectomy for prolapsed hemorrhoids. Original studies in any language were searched from MEDLINE database, PubMed, Web of science and the Cochrane Library database, and Wangfang database. Randomized control trials that compared Ligasure hemorrhoidectomy with stapled hemorrhoidectomy were identified. Data were extracted independently for each study, and a metaanalysis was performed using fixed and random-effects models. Five trials including 397 patients met the inclusion criteria. Patients treated with Ligasure had a significantly shorter operative time compared with patients who underwent stapler techniques. The recurrence rate was higher in patients who underwent stapled hemorrhoidectomy. No statistically significant differences were observed in postoperative bleeding, urinary retention, difficult defecating, anal fissure, anal stenosis, incontinence, postoperative pain, return to normal activities, and hospital stay. Our metaanalysis shows that Ligasure is an effective instrument for hemorrhoidectomy, which results in shorter operation time and lower recurrence rate.
H emorrhoidectomy is considered as the definitive treatment for grade 3 and 4 hemorrhoids. 1 However, this procedure may be accompanied by significant postoperative complications, such as pain, bleeding, incontinence, and anal stricture. Several surgical techniques and devices have been developed to overcome these postoperative problems. The Ligasure vessel sealing system (Valleylab, Boulder, CO) is a new hemostatic device designed to seal blood vessels by an optimized combination of pressure and radiofrequency ablation. The device seals blood vessels of up to 7 mm in diameter with minimal surrounding thermal spread and limited tissue charring. 2 Compared with conventional hemorrhoidectomy, the Ligasure hemorrhoidectomy is a fast procedure characterized by limited postoperative pain, short hospital stay, quicker wound healing, and earlier return to work. 3 Stapled hemorrhoidectomy is accompanied by good postoperative outcomes compared with conventional hemorrhoidectomy and has been standardized and popularized world wide. 4 To establish which technique is better, a metaanalysis was performed by comparing Ligasure with stapled hemorrhoidectomy with regard to postoperative outcomes.
METHODS

Data Sources
Randomized controlled trials (RCTs) that compared Ligasure with stapled hemorrhoidectomy were included in this meta-analysis. To identify studies published from 1996 to March 31, 2013, a comprehensive search was performed in the MEDLINE database, PubMed, Web of science and the Cochrane Library database, and Wangfang database using the following search terms: "Ligasure," "stapled hemorrhoidectomy," "hemorrhoidectomy," and "hemorrhoids" combined with "randomized trials." To indentify all RCTs, the reference lists of the included trials were searched for additional publications. Two observers independently and blindly identified the study for inclusion and extracted the date from each study.
Inclusion and Exclusion Criteria
Studies were included if they met the following criteria: randomized trials, compared Ligasure and stapled hemorrhoidectomy, and published as a full article or abstract. Studies in any language were included. Retrospective trials and studies without data for retrieval or duplicate publications were excluded. Unpublished trials were not included.
Statistical Analysis
Data analysis was performed by using RevMan5.0 (The Cochrane Collaboration, Oxford, UK). The odds ratio (OR) with 95% confidence interval (CI) was calculated for all dichotomous variables. For continuous variables, weighted mean difference was calculated with 95% CI. If mean values were not available for continuous outcomes, median values were used for meta-analysis. The SD was calculated according to the guidelines of The handbook Cochrane Collaboration. The fixed-effects model and the random-effects model were used to calculate the overall effect of the combined outcomes. Heterogeneity was explored using the w 2 statistic, with significance set at P < 0.05. Heterogeneity may be qualified as low, moderate, or high for I 2 values of 25%, 50%, and 75%, respectively. In case of heterogeneity, only the random-effects model results were reported. The forest plot was used to display the results from the meta-analysis.
RESULTS
Five RCT on 397 patients qualified for the metaanalysis. [3] [4] [5] [6] [7] Patients characteristics extracted from these trials are presented in Table 1 . The methodological quality of included trials is explained in Table 2 .
Postoperative Complications
Postoperative Bleeding
There was no heterogeneity among trials with regard to major bleeding after operation (w 2 = 3.52, df = 4, P = 0.47; I 2 = 0%). In the fixed models, there was no significant difference in the bleeding rate between Ligasure and stapler group (OR, 0.54; 95% CI, 0.25-1.18; Z = 1.54; P = 0.12; Fig. 1A ).
Urinary Retention
Only 4 trials provided the information about the urinary retention. There was no heterogeneity among trials in terms of urinary retention (w 2 = 1.35, df = 3, P = 0.72; I 2 = 0%). In the fixed models, there was no significant difference in the urinary retention rate between Ligasure and stapler group (OR, 0.87; 95% CI, 0.37-2.02; Z = 0.33; P = 0.74; Fig. 1B ).
Difficult Defecating
Two trials presented data on difficult defecating. There was no significant heterogeneity among trials concerning difficult defecating (w 2 = 0.29, df = 1, P = 0.59, I 2 = 0%). In the fixed models, there was no significant difference in the difficult defecating between Ligasure and stapler group (OR, 1.45; 95% CI, 0.44-4.47; Z = 0.61; P = 0.54; Fig. 1C ).
Anal Fissure
There was no significant heterogeneity among trials with regard to anal fissure (w 2 = 0.81, df = 1, P = 0.37, I 2 = 0%). In the fixed models, there was no significant difference in difficult defecating between Ligasure and stapler group (OR, 1.00; 95% CI, 0.17-5.96; Z = 0.00; P = 1.00; Fig. 1D ). Three trials did not contribute in the final analysis as there was no reported anal fissure in either group.
Anal Stenosis
There was no significant heterogeneity among trials with regard to anal stenosis (w 2 = 1.06, df = 2, P = 0.59, I 2 = 0%). In the fixed models, there was no significant difference in the difficult defecating between Ligasure and stapler group (OR, 0.74; 95% CI, 0.18-3.04; Z = 0.42; P = 0.67; Fig. 1E ).
Clinical Outcomes
Pain
Data from 3 trials suggested that there was a significant heterogeneity among trials with regard to pain (w 2 = 23.98, df = 2, P < 0.00001, I 2 = 92%); therefore, the fixed-effects model was inappropriate. In the randomeffects model, there was no significant difference in the pain between Ligasure and stapler group (OR, 0.79; 95% CI, 0.31-1.89; Z = 1.40; P = 0.16; Fig. 2A ).
Incontinence
There was no significant heterogeneity among trials with regard to incontinence (w 2 = 1.25, df = 2, P = 0.53, I 2 = 0%). In the fixed models, there was no significant difference in the incontinence between Ligasure and stapler group (OR, 0.70; 95% CI, 0.22-2.26; Z = 0.60; P = 0.55; Fig. 2B ). One trial did not contribute in the final analysis as there was no reported anal incontinence in either group.
Recurrence
Three trials presented data on recurrence. There was no significant heterogeneity among trials with regard to recurrence (w 2 = 0.07, df = 2, P = 0.97, I 2 = 0%). In the fixed models, Ligasure group appeared to have significantly lower recurrence rate than stapler group (OR, 0.18; 95% CI, 0.04-0.71; Z = 2.44; P = 0.11; Fig. 2C ).
Return to Normal Activities
There was a significant heterogeneity among trials with regard to anal fissure (w 2 = 138.65, df = 1, P < 0.00001, I 2 = 99%); therefore, the fixed-effects model was inappropriate. In the random-effects model, there was no significant difference in difficult defecating between Ligasure and stapler group (OR, 1.25; 95% CI, 3.13-5.63; Z = 0.56; P = 0.58; Fig. 2D ).
Surgical Parameters
Operative Time
There was no significant heterogeneity among trials with regard to operation time (w 2 = 0.8141, df = 1, P < 0.52, I 2 = 0%). In the fixed models, there was no significant difference in operation time between Ligasure and stapler group (OR, À6.39; 95% CI, À7.68 to À5.10; Z = 9.71; P = 1.00; Fig. 3A) . Three trials did not contribute in the final analysis as there was no reported operative time in either group. 
DISCUSSION
To improve the postoperative outcomes of the hemorrhoidectomy, a variety of techniques such as bipolar electrothermal device, circulate stapler, and the ultrasonic scalpel has been developed. 8 None have proved clearly superior to the others. 9 This meta-analysis showed that Ligasure hemorrhoidectomy took significantly less time to complete, and the recurrence rate is significantly lower compared with stapled hemorrhoidectomy. The 2 techniques of hemorrhoidectomy were not significantly different in terms of postoperative pain, bleeding, urinary retention, difficult defecating, anal fissure, anal stenosis, incontinence, return to normal activities, and hospital stay.
The Ligasure system has some potential advantages while performing the hemorrhoidectomy. First, the Ligasure system is an effective method for achieving bloodless dissection of vascular tissues. The device seals blood vessels of up to 7 mm in diameter with minimal surrounding thermal spread that makes it seem like an ideal instrument for hemorrhoidectomy. 10, 11 Second, minimal thermal spread can lead to a less tissue necrosis, which may contribute to lower postoperative pain, although this assessment was not significant in this meta-analysis. 12 Third, the improved hemostasis provided a better visibility; therefore, a more accurate dissection can be achieved. The reduced operative time associated with Ligasure is possibly related to better hemostatic control and not needing to ligate the pedicles. 13 Finally, coupled with potential time saving and lower recurrence rate, Ligasure may also produce a cost benefit. 4 Postoperative pain is well accepted as a serious problem by patients undergoing hemorrhoidectomy. 14 Our meta-analysis demonstrated that there was no significant difference between Ligasure and stapler with regard to pain scores. The amount of analgesia used by patients after operation varied. This may explain the heterogeneity among trials. The measurements for analgesic use were nonuniform and therefore we could not include it in our meta-analysis.
Some limitations of this meta-analysis are as follows: the small number of trials and the small sample size implied that the quantitative analysis was not very powerful, and the statistical heterogeneity was high in terms of postoperative pain, return to normal activities, and hospital stay because of the different outcome measures and treatment considered. How to evaluate the safety and efficacy of Ligasure and stapler and which of them is a better technique is still being discussed. There was great variation in included studies with regard to surgical protocol, postoperative care regiment, and the methods of outcome measures. Standardized outcome measures, especially for postoperative pain and bleeding, and recurrence are required.
In summary, this meta-analysis supports the benefits of the Ligasure vessel sealing system in performing hemorrhoidectomy, that is, a shorter operation time and a lower recurrence rates. For further studies, large-scale, high-quality, multicenter trials based on commonly accepted end points with a long-term follow-up are required to confirm this result.
